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1.0 Executive Summary

1.1 Incident Synopsis

On October 2, 2007, a chemical fire inside a permit-required confined space® at Xcel Energy’s
hydroelectric plant in a remote mountain location 45 miles (72 kilometers) west of Denver, Colorado,
killed five and injured three workers. Industrial painting contractors were in the initial stages of recoating
the 1,530-foot (466-meter) steel portion of a 4,300-foot (1,311-meter) enclosed penstock? tunnel with an
epoxy coating product when a flash fire occurred. Flammable solvent being used to clean the epoxy
application equipment in the open penstock atmosphere ignited, likely from a static spark. The initial fire
quickly grew as it ignited additional buckets of solvent and substantial amounts of combustible epoxy
material, trapping and preventing five of the 11 workers from exiting the single point of egress within the
penstock. Fourteen community emergency response teams responded to the incident. The five trapped
workers communicated using handheld radios with co-workers and emergency responders for

approximately 45 minutes before succumbing to smoke inhalation.

1.2 Scope of the Investigation
Catastrophic workplace accidents typically are not the result of a single error or one piece of faulty
equipment; rather, higher-level safety system deficiencies are often found at facilities where such

accidents occur. It has also been established that accident prevention is most effective when these

! The US Occupational Safety and Health Administration (OSHA) defines, in its general industry rule, a confined
space as having three attributes: (1) large enough to enter and perform work; (2) limited access and egress; and (3)
not designed for continuous occupancy. OSHA states that a permit-required confined space has one or more of the
following characteristics: “(1) contains or has the potential to contain a hazardous atmosphere; (2) contains
material that has the potential for engulfing an entrant; (3) has an internal configuration such that an entrant could
be trapped or asphyxiated by inwardly converging walls or by a floor that slopes downward and tapers to a smaller
cross section; or (4) contains any other recognized serious safety or health hazard. OSHA has identified one type
of hazardous atmosphere as ‘[f]lammable gas, vapor or mist in excess of 10% of its lower flammable limit (LFL)’
[29 CFR 1910.146(b)].

2 A penstock in hydroelectric service is typically an enclosed conduit such as a tunnel or pipe that delivers a flow of
water to a turbine that generates electric power

10
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systemic causes are understood and learned.® As such, the U.S. Chemical Safety Board (CSB) examined

both the technical and organizational causes of the fire at Xcel Energy’s Cabin Creek penstock.

The investigation found that a number of safety issues contributed to the accident, including a lack of
planning for hazardous work, inadequate contractor selection and oversight, and insufficient regulatory
standards pertaining to the use of flammables within confined spaces. The investigation also examined the
technical aspects of recoating a penstock, the work conditions of the unique confined space, and the
training the contractors received prior to starting work. Finally, the CSB evaluated aspects of emergency
response, including planning for timely and qualified rescue and the need for certified confined space

rescue responders in the state of Colorado.

1.3 Incident Description
On October 2, 2007, a work crew of industrial painters employed by RPI Coating, Inc. (RPI) began
applying a new epoxy coating to the steel interior section of the penstock” at the Cabin Creek

hydroelectric plant operated by Xcel Energy, Inc. (Xcel), located south of Georgetown, Colorado.

Shortly after the epoxy application commenced, the work crew experienced problems with the spraying
process, resulting in poor coating quality. Spraying was terminated and the crew began cleaning the
sprayer system equipment with a flammable solvent, methyl ethyl ketone (MEK),” to remove epoxy

residue before taking the equipment out of the penstock. During this cleaning operation, MEK vapors

® The Center for Chemical Process Safety (CCPS) states that identifying the underlying or root causes of an incident
has a greater preventative impact by addressing safety system deficiencies and averting the occurrence of
numerous other similar incidents, while addressing the immediate cause only prevents the identical accident from
recurring (1992).

* The Cabin Creek penstock is a tunnel with a diameter that varies between 12 and 14 feet that runs between two
reservoirs; water flows from the upper reservoir to the lower reservoir through the penstock, passing over turbines
which produce electricity (see Section 2.1.1.1).

> Methyl ethyl ketone (MEK) is an organic chemical compound often used as a solvent in painting activities listed
by the National Institute for Safety and Health (NIOSH) as “highly flammable.” NIOSH MEK International
Chemical Safety Cards, 1998. MEK is a Class IB flammable liquid, with a flash point below 73°F (23°C) and
boiling point at or above 100°F (38°C). NIOSH Pocket Guide to Chemical Hazards, 2005

11
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inside one of the two epoxy hoppers ignited and flashed. The resulting fire grew quickly, consuming
several other open containers of MEK and numerous buckets of epoxy material positioned around the

sprayer.

Four RPI crew members positioned on the side of the fire nearest the exit evacuated the penstock,
although three were later treated for injuries: one received minor burns, one fractured his arm, and another
suffered breathing difficulties. Five additional crew members trapped opposite the exit were unable to
evacuate due to the fire and narrow configuration of the penstock. The five workers later succumbed to

smoke inhalation inside the penstock and died.

1.4 Increasing Need for Penstock Recoating

Many hydroelectric plants have steel penstocks that have not been relined or recoated for many years. In
North America, estimates suggest that 3 million feet (1 million meters) of in-service penstocks exist.
Interior coatings and linings are required to maintain the structural integrity and serviceability of
penstocks to prevent corrosion and provide water tightness. When periodic internal inspections uncover
linings that have deteriorated to the extent that rehabilitation is no longer possible, repair projects are
initiated to remove the old penstock linings and replace them with newer epoxy coatings that typically
have a 20- to 30-year service life (EPRI, 2000, ch. 1-3). Removing the old linings and applying new
interior coatings in penstocks present special hazards to workers, including potential flammable and/or

toxic atmospheres and limited access and egress within these confined spaces.

Because of the serious nature of this incident and the unique hazards associated with penstock coating
work, the CSB launched an investigation to determine root and contributing causes and to make

recommendations to help prevent similar incidents.

1.5 Key Findings
1. On the day of the incident, approximately 16 gallons (61 liters) of highly flammable methyl ethyl

ketone (MEK) solvent stored in plastic buckets was used in the penstock to clean the epoxy

12
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sprayer and associated equipment. The cleaning involved pouring MEK into the sprayer’s two
hoppers and circulating it through the sprayer in the open penstock atmosphere. A number of
ignition sources present or created by the work activity were not eliminated or controlled. The
circulation of MEK through non-conductive hose likely led to static discharge, igniting the MEK

in the sprayer hopper and resulting in a flash fire.

2. Xcel and RP1 managers were aware of the plan to operate the epoxy sprayer inside the penstock
and the need to use solvent to clean the sprayer and associated equipment in the open penstock
atmosphere during the epoxy application portion of the project. However, they did not perform a
hazard evaluation of the epoxy recoating work; as a result, they failed to identify serious safety
hazards involving use of flammable liquids within the confined space. Effective controls were not
evaluated or implemented during their pre-job safety planning, such as substituting MEK with a

non-flammable solvent.

3. During the recoating project, neither Xcel nor RPI treated the Cabin Creek penstock as a permit-
required confined space, nor did they re-evaluate hazards in the space caused by changing work
activities. Such activities included the introduction of flammables into the penstock, hot work
within the confined space, and the switch from abrasive blasting to recoating of the penstock

interior.

4. Neither Xcel’s nor RPI’s corporate confined space programs adequately addressed the special
precautions necessary to safely manage the hazard of potential flammable atmospheres. Their
policies and procedures did not address the need for a confined space monitoring plan or the need
for continuous monitoring in the work area where flammables were being used. Neither of their

permit-required confined space policies or permit forms required or established a maximum

13
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permissible percentage of the lower explosive limit (LEL)® for safe entry and occupancy inside a

permit space.

5. On the day of the incident, RPI monitored the atmosphere of the penstock, a permit-required
confined space, for flammable atmospheres only at is entrance, 1,450 feet (442 meters) from the

work activities, rather than where flammables were being used.

6. The majority of RPI employees working at Cabin Creek had not received comprehensive formal
safety training; effective training on company policies; or site-specific instruction addressing
confined space safety, the safe handling of flammable liquids, the hazard of static discharge,
emergency response and rescue, and fire prevention. The Joint Apprenticeship Training
Committee and Center, established by the parties to the Painters and Allied Trades District
Council 36 Master Labor Agreement (including RPI), provide comprehensive safety training on
these topics as part of its apprenticeship program, but most of the painters hired by RPI had not

taken these courses nor had they otherwise received documented equivalent safety training.

7. The U.S. Occupational Safety and Health Administration’s (OSHA) Permit-Required Confined
Spaces Rule for general industry establishes no maximum permissible percentage of the LEL for
safe entry and occupancy inside a permit space. OSHA has interpreted its rule to allow working
in a permit-required space where the atmosphere is above 10 percent of the LEL.” However, the
rule defines a flammable concentration above 10 percent of the LEL as a hazardous atmosphere

“that may expose employees to the risk of death, incapacitation, impairment of ability to self-

® LEL is defined as “that concentration of combustible material in air below which ignition will not occur” in
Recommended Practice for Handling Releases of Flammable and Combustible Liquids and Gases, NFPA 329
(2005). The terms LEL and lower flammability limit (LFL) have different definitions but are commonly used
interchangeably. This report uses LEL except where citing other sources that use LFL in their standard or
regulation. The OSHA Permit-Required Confined Space Standard 29 CFR 1910.146 uses the term LFL in its
provisions.

7 Letter to Macon Jones, Blasting Cleaning Products LTD, from John B. Miles Jr., Director, dated September 4,
1996, concerning entry into a confined space when the LFL is greater than 10 percent.

14
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rescue...injury, or acute illness” [29CFR 1910.146(b)]. Other OSHA regulations addressing
confined and enclosed spaces in the maritime industry and other sectors prohibit entry and work
activities above a specific percentage of the LEL (such as 10 percent). The recent trend of
consensus safety guidance and regulatory requirements from other jurisdictions has been to
establish safe work limits for confined space flammable atmospheres substantially below the

LEL.

8. The CSB identified identified 53 serious flammable atmosphere confined space incidents
involving fires and explosions from 1993 to April 2010; 57 percent involved a fatality. These
incidents caused 54 injuries and 45 fatalities, a majority of which occurred since 2003. These
flammable atmosphere incidents include two the CSB investigated in 2009 where confined space

explosions resulted in four fatalities.

9. The penstock had only one egress point. Published safety guidance for penstocks discusses the
importance of alternative escape routes in the event of an emergency (ASCE, 1998, pp. 2-8). Xcel
Energy had identified the sole egress point as a major concern in the penstock planning as had
RPI personnel; however, no remedial action was taken. When the flash fire occurred, five RPI
workers who were on the side of the sprayer opposite the exit became trapped by the growing fire

and restricted egress.

10. The planned use of flammable solvent in the open atmosphere inside the penstock created the
potential for an immediately dangerous to life or health (IDLH)® flammable atmosphere. Xcel’s

and RPI’s emergency response plan for rescue services for the penstock reline project was to call

® IDLH, or Immediately Dangerous to Life or Health, is a personal exposure limit for a chemical substance set forth
by the National Institute of Occupational Safety and Health (NIOSH); it is typically expressed in parts per million
(ppm). OSHA’s Permit-Required Confined Spaces rule for general industry states that IDLH “means any condition
that poses an immediate or delayed threat to life or that would cause irreversible adverse health effects or that
would interfere with an individuals ability to escape unaided from a permit space” [29 CFR 1910.146(b)].

15
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11.

12.

13.

9-1-1 emergency dispatch. No emergency responders with confined space technical rescue
certification were at the hydroelectric plant and immediately available for rescue on the day of the
incident, and the approximate response time of the closest identified certified community rescue
service was approximately 1 hour and 15 minutes. The trapped workers died from smoke

inhalation approximately 1 hour before this response service arrived on site.

While the Colorado Division of Fire Safety (CDFS) does not track technical rescue certification
in the state, available evidence indicates a limited number of Colorado emergency response
organizations with personnel certified individually by an accredited program in technical rescue.
The CDFS has a voluntary accredited certification program for firefighters and hazardous
materials responders but does not offer certification for technical rescue, including confined space

rescue.

Xcel’s prequalification process® for determining which potential contractors were allowed to
participate in the Cabin Creek bid process considered only the contractors’ financial capacity and

did not disqualify bidders based on unacceptable past safety performance.

Once prequalified, Xcel reviewed and ranked the contractors’ proposals, considering factors such
as past performance, quality, and safety records in addition to price. RPI received the lowest
score, “zero,” in the safety category, which, according to Xcel’s evaluation form, meant that the
proposal should have been automatically rejected. However, RPI was still allowed to compete for
the contract. While another contractor’s proposal was judged the best from a technical and quality
perspective, RPI’s proposal received the highest ranking in the evaluation process, based

primarily on low price.

° When contractors are selected, an initial prequalification process is often used during which each potential
contractor must meet basic qualifications. In this case, Xcel’s prequalification process considered only the
financial capacity of the potential contractor.
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14. Due to concerns about RPI’s record of injuries and fatalities in past projects, Xcel added a safety
addendum to the penstock recoating contract affirming that Xcel would “closely observe” RPI’s
safety performance during the recoating project. During the initial penstock project activities
prior to the incident, Xcel managers became aware of several significant safety problems
attributable to RPI, including a recordable injury where an RPI worker was sent to the hospital;
the evacuation of the penstock due to high readings of carbon monoxide, a toxic gas; and
electrical problems that resulted in the destruction of penstock equipment. These problems did not

result in Xcel increasing its scrutiny of RPI’s safety performance or taking corrective action.

15. Prior to the incident, Xcel corporate officials had not conducted safety audits examining company
adherence to its corporate policies on contractor selection and oversight at each of its power-

generating facilities.

1.6 Recommendations

As a result of this investigation, the CSB makes recommendations to the following recipients:
e U.S. Occupational Safety and Health Administration (OSHA)
e Governor of Colorado
e Colorado Public Utilities Commission
o Director of the Colorado Division of Fire Safety
o Director of the Colorado Division of Emergency Management
e Xcel Energy
e RPI Coating
e American Public Power Association

e Society for Protective Coatings
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e Southern California Painting and Drywall Industries Joint Apprenticeship and Training

Committee

Section 13.0 of this report provides the detailed recommendations.

1.7 Conduct of the Investigation

The CSB investigation team arrived at the incident scene on October 3, 2007, the day after the incident.
They joined the Incident Command structure and began on-scene investigation activities. That same day,
Incident Command demobilized, and emergency responders disbanded after the five deceased RPI crew
members were removed from the penstock. Investigative teams from the Colorado Bureau of
Investigation (CBI), OSHA, and the CSB remained onsite and worked with Xcel management to protect
and preserve evidence at the Cabin Creek site within the penstock, as well as those areas of the Cabin

Creek site relevant to the case, including the upper reservoir.

After careful and extensive pre-entry safety planning with all involved parties, the CSB entered the
penstock on two separate occasions (November 6 and 11, 2007) to examine the incident scene, and was
present onsite when evidence was removed from the penstock on December 19, 2007. Investigators
video-and photo-documented evidence, took numerous size and distance measurements, and physically
examined all items within the penstock. Through joint agreements with all involved parties, the
equipment and associated evidence within the penstock were removed to a secure site; the evidence was

more thoroughly examined on two separate occasions: December 12, 2007, and January 7, 20009.

The team conducted more than 54 interviews throughout the course of its investigation, collecting the
testimony of employees from the various companies involved in the penstock project, emergency
responders, officials from the sprayer system manufacturer, supervisors from other contractors involved
in penstock recoating work, Colorado state officials, and union training center representatives. The CSB
examined a variety of company documents, including those pertaining to contractor selection and

management, safety policies and practices, and employee training, as well as the contractual agreements
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between Xcel and the various contractors involved in the penstock project. Samples of material taken
from burned buckets and the sprayer hoppers were also tested in a laboratory for identification and
composition analysis. This investigative work activity was coordinated with OSHA, the CBI, and the

various companies involved in the penstock coating project.

The CSB encountered a number of obstacles and lack of cooperation in regard to the involved parties of
the investigation, including Xcel and RPI. Xcel failed to fully respond to a number of CSB requests for
both records and interrogatories. The CSB required the assistance of the U.S. Attorney’s Office for the
District of Colorado, Civil Division, to attempt to obtain information relevant to its investigation from
Xcel. RPI did not respond to numerous interrogatory requests and a number of RPI managers asserted

their constitutional right against self incrimination.

Near the end of the CSB’s investigation in the spring of 2010, Xcel and RP1 who faced criminal charges
arising from the Cabin Creek fatalities took the unprecedented step of going to federal court to block the
publication of the CSB report.”® Ultimately, the presiding judge squarely rejected Xcel’s effort to prohibit

publication of the CSB’s findings and recommendations:

Based on the evidence presented at the June 24, 2010 hearing, the arguments, and the applicable
law, 1 find Defendants’ arguments to be without merit. Moreover, the Defendants cite no
authority in support of their request that I bar the issuance of the CSB’s final Cabin Creek report.
First, | find the CSB acted as an independent federal agency in conducting its investigation and
drafting its report as required by 42 U.S.C. 87412(r)(6)(A)-(S). There is no evidence whatsoever
that the CSB acted in concert with the prosecution in investigating this accident or intentionally
delayed the issuance of its report.*!

While CSB’s position was supported by a federal district judge, Xcel and RPI’s legal action delayed

completion of the CSB report for several months, and diverted CSB resources from other ongoing

10 United States v. Xcel Energy, Inc., et al., No. 09-cr-00389-WYD (District of Colorado).

1 1d. Order of June 30, 2010 (docket #178).
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investigations. Despite the clear findings to the contrary in the judge’s ruling, Xcel representatives
continued to make unsupported claims that the CSB had delayed release of its report to prejudice Xcel in

the federal criminal prosecution in which the company is a defendant.

Finally, in early August 2010, an Xcel attorney provided an incomplete draft of the CSB report to the
media on the eve of the Board’s completion of its work. This last Xcel effort caused yet further delays in
the process, and has created a risk that Xcel’s Directors and shareholders will draw incorrect conclusions
about the accident at Cabin Creek. Accordingly, the Board included in this report a formal
recommendation that Xcel shareholders be directly notified by management of the significant findings
and recommendations of this report, and of the actions Xcel management intends to take to implement

needed safety improvements.
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2.0 Xcel Energy

Xcel Energy (Xcel) is a Minneapolis, Minnesota-based holding company founded in 1909 with four
wholly owned regulated utility subsidiaries that serve electric and natural gas customers in eight western
and Midwestern states: Colorado, Michigan, Minnesota, New Mexico, North Dakota, South Dakota,
Texas, and Wisconsin. The company employs nearly 12,000; serves 3.3 million electricity and 1.8 million

natural gas customers; and exceeds $9 billion in revenues annually (2008).

2.1 Cabin Creek Hydroelectric Plant

The Public Service Company of Colorado™ (PSCo) Cabin Creek hydroelectric plant, which began
operating in 1967, is located off Guanella Pass, a partially paved road that winds through a remote area in
the Rocky Mountains [10,018-foot (3053 meters) elevation] approximately 6 miles (10 kilometers) south
of the Georgetown, Colorado and 45 miles (72 kilometers) west of Denver. PSCo is a subsidiary of Xcel;

this report will refer to PSCo and Xcel Energy collectively as Xcel.

Cabin Creek is a pumped storage plant, with upper and lower water reservoirs totaling 1,977 acre-feet
(2439 megaliters), used to generate electricity primarily during peak demand periods. Electricity is
generated by releasing water from the upper reservoir where it flows into an intake structure, which is
connected to a penstock; the water passes through turbines before being deposited in the lower reservoir
(Figure 1). The flowing water rotates the turbines, which turn shafts that power the generators, producing
electricity. When electricity use is low, the water is pumped back into the upper reservoir through the
penstock to be used again. The plant has two generators capable of producing 150 megawatts (MW) of

electricity for 4 hours.

12 The Public Service Company of Colorado, a Denver-based company founded in 1869, is a regulated utility
company in Colorado that operates seven coal, six hydroelectric, and two natural gas plants, and one wind turbine
field, to provide electricity and natural gas utility services to 1.3 million customers located in Denver, other
Colorado cities, and some rural areas.
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Figure 1. Location of hydroelectric plant, reservoirs, and penstock pathway

2.1.1 Penstock
The penstock is 4,163 feet (1,269 meters) long from the upper reservoir’s intake to the point at which the

penstock splits into two pipes to feed the turbines in the powerhouse. Of this space, 3,123 feet (952
meters) can be traveled by foot. RPI was hired by Xcel to recoat roughly one-half of this relatively
horizontal space (1,560 feet, or 475 meters, at a 2 degree incline). This section of the penstock is 12 feet
(3.7 meters) in diameter, welded and steel-lined. The remaining portions of the penstock going up into the
mountain vary in length and degree of gradient, with the 55 degree section too steep to traverse (Figure

2). The last 1,040 feet (317 meters) of the penstock requires climbing aids, ropes, or ladder structures to

be traversed.
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Figure 2. Penstock configuration

At the highest elevation point of the penstock in the upper reservoir is the intake structure known as the

“mushroom.” The mushroom is a 40-foot (12 meter) tall, cylindrical concrete and steel tower with

screened openings near the top that open to the penstock. The mushroom has an access hatch

approximately 20 feet (6.1 meters) above grade at a reverse incline position that requires climbing skill

and significant physical strength to enter (Figure 3).
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Figure 3. Upper reservoir mushroom access hatch

While the penstock runs underground for most of its length, as it exits the mountain rock face near the
lower reservoir, a 15-foot (4.6 meter) section is accessible from the powerhouse yard. In this portion of
the penstock, a 4 by 6 foot (1.2 by 1.8 meter) opening was flame-cut into the steel penstock pipe to

provide access for the recoating project workers and equipment.

2.1.2 Deteriorated Penstock Interior Lining Requires Replacement

During the fall 2000 plant outage,* a Federal Energy Regulatory Commission'* (FERC)-mandated
internal inspection of the penstock found numerous indications of deterioration of the epoxy coating

(flaking, blistering, and checking) in the interior of the steel-lined pipe section, which resulted in areas of

3 An outage is a period when a plant, such as this one, is not in normal operation because of maintenance work
and/or inspections.

Y FERC is a self-funded, independent regulatory agency within the U.S. Department of Energy with jurisdiction
over electricity sales, wholesale electric rates, hydroelectric licensing, natural gas pricing, and oil pipeline rates.
FERC also reviews and authorizes liquefied natural gas (LNG) terminals, interstate natural gas pipelines, and
approximately 1,600 non-federal hydropower projects in the U.S.
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rusting and pitting corrosion to the steel pipe. Although the structural integrity of the pipe had not been
compromised, the inspection report recommended repairs to the coating before more damage resulted.
After obtaining an extension for repairs from FERC for several years, a project to remove the lining and

replace it with a new epoxy lining was scheduled for the fall 2007 outage.
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3.0 Contractors

3.1 RPI Coating, Inc.

Xcel selected RPI Coating, Inc. (RPI), a commercial painting and coating company headquartered in
Santa Fe Springs, California, to remove the old liner from the steel portions of the Cabin Creek penstock
and apply the new epoxy (for additional information on the selection process, see Sections 4.1.2 and 8.0).
RPI, which operated as Robison-Prezioso, Inc. until 2007, was ranked the nation's seventh-largest
specialty paint company based on revenues in 2005, according to the Engineering News-Record (2005).
At the time of the incident, RPI had approximately 275 employees and more than 13.5 million in annual

sales.

Prior to this incident, when RPI was still Robison-Prezioso, federal and state OSHA had inspected the
company 46 times since 1972. Of these inspections, 31 had been initiated due to a complaint, referral, or
accident; 90 violations were issued with fines totaling $135,569. Some violations were issued after

accidents that had resulted in serious injuries and/or fatalities to employees (Appendix B).

3.2 KTA-Tator, Inc.

Xcel hired KTA-Tator, Inc. (KTA), a 250-employee consulting/engineering firm, for several work tasks
associated with the penstock project. These tasks included writing the technical specifications for the
application of the new epoxy coating in the penstock, assisting in the selection of the coatings contractor
by reviewing and evaluating submitted bids, helping resolve technical issues arising from application of
the coating, and performing periodic quality control checks to ensure proper old coating removal and new

coating application.”

15 The first three tasks were completed by a KTA chemical engineer specializing in coatings applications in the
water and power industries; the fourth was performed by a KTA coatings inspector certified by the National
Association of Corrosion Engineers (NACE).
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4.0 Incident Description

The penstock fire occurred on October 2, 2007, but the recoating project had been initiated months

earlier.

4.1 Pre-Incident Events

4.1.1 Initial Evaluations of the Penstock Project Hazards

Almost a year before the October 2, 2007, incident, Xcel conducted a hazard assessment of the penstock
project, which was later provided to potential contractors during the bidding process. However, this
“Safety and Health Hazard Assessment Survey” focused only on the abrasive blasting portion of the
recoat project work and did not examine the risks of epoxy recoating associated with the penstock, the use
of flammables inside the confined space, or the limited access and egress of the penstock. This was the

only hazard assessment Xcel conducted for the entire penstock recoating project.

Later in the penstock project development process, during the spring of 2007, a civil engineer employed
by Xcel highlighted a number of difficulties specific to the unique and challenging penstock work that

would affect the success of the project in his document, “Cabin Creek Penstock Major Items of Concern.”

Within the document, the civil engineer identified the need for an additional point of access, as the
penstock’s single entryway — a 20-inch (51 centimeters) man hole — was the only existing penstock
opening at the start of the project. The civil engineer also discussed the challenges of trying to achieve the
necessary temperature conditions within the penstock for successful epoxy application and the significant
difficulties of completing the project in the 10 weeks allotted, suggesting that the harsh weather
conditions typical of October and November in the Colorado mountains would hinder timely completion.
These concerns were given to the Xcel Cabin Creek principal engineer, who later became responsible for
preparing for the project with RPI, and a number of other Xcel employees, prior to the start of the
recoating work. Yet neither Xcel’s submission to the potential bidders for the recoat project, nor RPI’s bid

response, discussed methods for minimizing or rectifying the concerns raised by the civil engineer.
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4.1.2 Contractor Selection

Xcel issued a Request for Proposal (RFP) for a competitive bidding process to several contractors in July
2007. The contractor selected to perform the work was to be chosen based upon the “best value/best
overall evaluated offer,” which was supposed to consider factors such as schedule, price, qualifications,
and safety performance (TRB, 2006, p.S-3). The Xcel process also included an initial prequalification
step that examined the contractors’ financial capacity to carry out the work but did not consider safety

performance.

Due to key safety criteria deficits in RPI’s safety record, Xcel rated the company as “zero” in that
category, which should have meant its automatic disqualification from the bidding process; however.
RPI’s bid was not rejected, and it was eventually awarded the contract despite its poor safety record

(Section 8.0).

4.1.3 Planning and Preparing for Penstock Recoating Project

While RP1 employees prepped the job site, Xcel held a preconstruction meeting for the penstock recoating
project on September 5, 2007, attended by an RPI vice president, the RPI Safety and Quality Control
representative, and two RPI project foremen. During this meeting, the Xcel project manager indicated that
this was a “high profile project with [the] attention of FERC” and that a high standard toward quality
control needed to be maintained. On September 10, at the request of RPI’s safety director, an instructor
with the Southern California Painting and Drywall Industries (SCPDI) District 36 Training Center
conducted a six-hour safety refresher training session at the Xcel Cabin Creek site for some RPI industrial
painters to address gaps that the Xcel safety director had identified in RPI’s contract bid submissions.
Only nine of the 14 RPI crew members were on site to attend this general safety training, and no make-up

session was offered to those not in attendance (Section 9.0).
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4.1.4 Work Preparation Prior to Recoating

Before the old liner could be removed from the steel sections and the new epoxy applied, the plant was
shut down and water drained from the penstock. This occurred during the first week of September 2007,

as a number of RPI personnel began arriving at the Cabin Creek site to set up for the job.

After the water was drained from the penstock, a 4-foot wide by 6-foot (1.2 by 1.8 meters) tall access
opening was flame-cut™® into the side of the steel penstock pipe for personnel and equipment access.
Wooden stairs and a ladder at the access door provided means for personnel to enter and exit the penstock

(Figure 4).

Xcel and RPI personnel then entered the penstock to remove standing water, dead fish, mud, and debris.
Eyewitnesses reported that the penstock was extremely slippery due to moss buildup, and that personnel

often slipped during initial entries. One RP1 employee dislocated his shoulder when he slipped and fell.

1% The access opening was cut by a specialty welding contractor.
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Figure 4. Access door cut into penstock for recoating work

To contain the sandblasting debris and control ventilation, RPI built a wooden bulkhead west of the
penstock area to be recoated (“west bulkhead”), with a 2 by 2 foot (0.7 by 0.7 meter) access hatch near
the bottom, and sealed it against the walls of the penstock with foam. RP1 built a second sealed wooden
bulkhead about 20 feet east of the penstock’s access door (“east bulkhead”). Two 20-inch (51
centimeters) diameter flexible ventilation ducts, connected to dehumidification, heating, and dust
collection equipment located outside the penstock, were brought into the penstock to dry and dehumidify
the air and collect dust. The air supply duct was routed along the penstock wall and terminated near the
west bulkhead at the steel/concrete transition where the air was discharged; the air return duct terminated

near the penstock access door.

Compressed air and 120/240-volt electrical service were brought into the penstock to power equipment

and provide lighting. Power cables for the electrical service were connected to a portable transformer
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located outside the penstock. A 240-volt heavy gauge power cable (6 AWG') ran along the penstock
floor from the access door and terminated at power distribution centers (commonly called “spider
boxes™), one of which was located about 100 feet (30.5 meters) from the west bulkhead to provide power
to the work area; this cable had non-watertight twist lock connector fittings joining sections of cable. The
spider box contained 240- and 120-volt GFCI-protected electrical power supply outlets. On the day of the
incident, the electric heaters on the sprayer, halogen work lights positioned on top of the sprayer, and
explosion-proof lighting mounted on a scaffold immediately adjacent to the bulkhead were plugged into

this spider box.

On September 16, 2007, another contractor performing inspection work inside the penstock complained
to Xcel about being delayed entry into the penstock for 2 hours due to high carbon monoxide (CO) levels;
he also noted a problem with RPI’s electrical service inside the penstock when some of the contractor’s
testing equipment was damaged after it was plugged into an RPI spider box. An RPI foreman later

rewired this electrical box, which was located near the sprayer on the day of the incident.

4.1.5 Removal of Old Epoxy Liner

Beginning on September 20, 2007, RPI sandblasted and removed the old liner from the the steel section
immediately east of the west bulkhead; sandblasting continued until September 28, when the first 500-
foot section was completed. On September 22, the Xcel project manager for the penstock recoating work
observed RPI conducting abrasive blasting inside the penstock, noting that “[w]ork conditions inside the
penstock are highly hazardous on many levels. In the best of conditions, the coating removal is dirty,

nasty work.” Beginning September 28 and continuing for 4 days, leaks were patched, and the abrasive

" AWG (American Wire Gauge) is a U.S. standard set of non-ferrous wire conductor sizes.
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blasting medium was vacuumed up and removed from the penstock. An Xcel worker entered the penstock

during this period on two occasions to weld weep holes to stop leaks."

4.1.6 Additional Evaluations and Inspections of the Penstock Work Space

On September 22, KTA conducted its own initial pre-job hazard assessment of the penstock. In this
assessment, the KTA inspector noted that the Material Safety Data Sheets (MSDSs) for all coatings and
solvents to be used in the project were available and would be reviewed relative to personal protective
equipment (PPE) and respiratory protection needs, and that the contractor and Xcel project manager were
told about this review. In the assessment, the use of solvents was once again identified when the need for
eye protection was pinpointed due to the use of “solvents, paints, abrasives, etc.” According to the

assessment document, the project manager was to be advised on the use of solvent.

In this same inspection, the KTA inspector also indicated that the project would require workers to enter a
work area classified as a permit-required confined space. By delineating the space as such, several
requirements were outlined to be followed, including review entry procedures and entry permit, verify
that air monitoring is performed prior to and during entry, verify that an attendant is present and rescue
equipment is onsite, and use respiratory protection in accordance with controlling employer’s entry
procedures. Despite these requirements, entry procedures were not developed and the required daily
permits were incomplete and lacking detail pertaining to the hazards of the day’s work activities. Air
monitoring was performed almost exclusively at the entrance, about 1,450 feet (442 meters) away from
the actual work area within the penstock. Finally, rescue equipment was not available and ready for use

onsite throughout the project or on the day of the incident.

Two days later, on September 26, the KTA inspector conducted an inspection of the penstock interior,

indicating in his documentation that thinner would be used as part of the coating materials’ mixing and

'8 Neither Xcel Energy nor RPI could provide copies of hot work permits for this welding work to the CSB.
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pre-application process. Thinner/solvent was required to be run through the sprayer system equipment
(including hoses, nozzles, and the sprayer itself) prior to the introduction of the epoxy components. This
step ensured that the machine was completely free of all residue or contaminants prior to usage for actual

spraying.*®

On October 1, an Xcel safety consultant inspected RPI employees working in the penstock, but noted no

unsatisfactory conditions.

Sandblasting activities, including hand-sanding and grinding of the walls, were completed on the morning
of October 2, and 13 RPI crew members® began preparing the penstock interior for the new coating. No
reevaluation of the safety hazards was held that morning to specifically assess new risks that could be
associated with the change in planned work activities from sandblasting to epoxy coating application, nor
were special precautions taken within the work environment beyond those put in place prior to the start of

the sandblasting operation.

4.1.7 Staging Equipment and Coating Materials

The sprayer, a plural component (two-part) epoxy spraying system manufactured by Graco, is typically

used in industrial epoxy application projects (Figure 5).

9In the September 26, 2007, KTA Inspection Report, “Task Summary: Coating Observation Hold Points,” the
inspector indicates that thinner would not be used in any ratio with the paint during either the first or second coat
of paint. More traditional types of paint require a thinner or solvent to adjust the viscosity of the paint for proper
application. However, the Duromar HPL-2510 two-part epoxy selected as the paint for the penstock interior did
not require thinner to be added, as the two parts of the epoxy themselves are mixed according to a specific ratio of
hardener to base. While a thinner or solvent was unnecessary for the actual paint mixture to be applied to the
penstock interior, the solvent was needed to flush the sprayer system and clean equipment prior to and throughout
the spraying process to keep the machine running smoothly for proper application of the two-part epoxy.

%0 One of the 14 contractors left the site prior to October 2™ for personal reasons.
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